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ARC FAULT CIRCUIT INTERRUPTER 

BACKGROUND OF TH INVENTION 

1. Field of the Invention 

This invention relates generally to arc fault circuit 
interrupters, and more particularly to an arc fault circuit 
interrupter that reliably detects arc faults and rejects elec 
trically similar phenomena, such as noise produced by lamp 
dimmers, motor controllers, and other random noise sources. 

2. Description of the Prior Art 
Arc detection is an enhancement to thermal magnetic 

overload detection, Which alone may not detect and respond 
to arc faults. Anumber of devices for detecting arc faults and 
methods of detection have been used in the past. These 
include the use of E and B ?eld arc sensors, detecting the 
amplitude of the rate of change of current signals When an 
arc fault occurs, the use of non-overlapping band pass ?lters 
to detect White noise characteristic of arcs, and detecting the 
disappearance of signals indicating the presence of arcs near 
Zero current crossings. While some of these techniques are 
more or less effective, they require relatively sophisticated 
circuits. Heretofore, most arc detection circuits have been 
incorporated in circuit breakers. 

The impedance of electrical circuits to the signals that 
indicate the presence of an arc fault may make it more 
dif?cult to detect arc faults at a circuit breaker than closer to 
the fault. 

There is a need for simple economical arc fault detectors 
that can be included in Wiring devices such as receptacles, 
plugs or in-line devices, and that offer the same doWnstream 
protection as an arc fault detector incorporated in a circuit 
breaker, but at loWer cost. There is a need for an arc fault 
circuit detector in Wiring devices that can be provided at a 
reduced cost compared With arc fault circuit detecting circuit 
breakers that is comparable to the reduction in cost betWeen 
ground fault interrupting receptacles and ground fault inter 
rupting circuit breakers. 

Light dimmers are very commonly used in residences 
Where the arc fault circuit interrupters of this invention are 
likely to be employed. Because light dimmers produce a 
characteristic noise signature that is similar to the signal 
produced by some arc faults, it is important for arc fault 
circuit interrupters to be able to distinguish the signals 
produced by actual arcs from the signals produced by light 
dimmers, to avoid false tripping. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an arc fault 
circuit interrupter that employs an electrical circuit that is 
simple enough, inexpensive enough and small enough to be 
included in Wiring devices. It is another object of this 
invention to provide an arc fault circuit interrupter that is 
sensitive to arc faults, but resistant to false tripping, due to 
noise created by lamp dimmers and the like. 

It is another object of this invention to provide an arc fault 
circuit interrupter that is sensitive to relatively loW ampli 
tude series arc faults of at least 5 amps of arc current, 
typically in series With the load and commonly referred to as 
Type A arc faults. 

It is another object of this invention to provide an arc fault 
circuit interrupter that detects parallel or line to line arcs, 
producing currents of 75 amps or more, commonly referred 
to as Type B arc faults. 

Brie?y stated, and in accordance With a presently pre 
ferred embodiment of the invention, an arc fault detector for 
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2 
detecting electric poWer lines includes a sensor for sensing 
the derivative of the current on the electric poWer line, a 
converter circuit for converting the derivative of the line 
current into ?rst and second signals, the ?rst signal respon 
sive to positive step transitions of arc fault current, and the 
second signal responsive to negative step transitions of arc 
current, and a temporal detector for signaling the presence of 
an arc fault When one of the ?rst and second signals folloWs 
the other Within a predetermined time, or WindoW, and in 
Which a sequence of one of the signals folloWing the other 
signal occurs in a second predetermined interval of time. 

In accordance With a preferred embodiment of the 
invention, the sensor is a current transformer With the 
electric poWer line being protected as its primary, and having 
a center tapped secondary Winding producing ?rst and 
second signal voltages of opposite polarity With respect to 
the center tap, in Which the voltages are proportional to the 
rate of change of current in the poWer line primary Winding, 
so that a step of current in the primary Winding in one 
direction produces a pulse of voltage of one polarity, With 
respect to the center tap at one end of the secondary folloWed 
by a step of current in the other direction, Which produces a 
second pulse of voltage of the same polarity With respect to 
the center tap at the other end of the secondary. 

In accordance With another aspect of the invention, the 
current transformer has a core conformed of poWdered 
metal. 

In accordance With another aspect of the invention, the 
circuit for converting the derivative of the line current into 
?rst and second signals is an inverter circuit. 

In accordance With another aspect of the invention, the 
?rst WindoW of time is less than one half the period of the 
poWer line AC current. 

In accordance With a still further aspect of the invention, 
a discriminator circuit is included for ignoring a predeter 
mined number of signal sequences to reject normal load 
current step events. Brief Description of the DraWings: 
The novel aspects of the invention are set forth With 

particularity in the appended claims. The invention itself, 
together With further objects and advantages thereof may be 
more readily comprehended by reference to the folloWing 
detailed description of a presently preferred embodiment of 
the invention taken in conjunction With the accompanying 
draWings, in Which: 

FIG. 1 is a schematic diagram of an arc fault circuit 
interrupter in accordance With the invention for detecting 
series and parallel arcs; 

FIG. 2 is a circuit diagram of an arc fault circuit inter 
rupter in accordance With the invention for detecting series 
and parallel arcs in the presence of arc noise; 

FIGS. 3 (a—j) form diagrams of signals appearing in the 
arc fault circuit interrupters of FIGS. 1 and 2; 

FIG. 4 is a Wave form diagram illustrating secondary 
ringing caused by high current parallel arc faults; 

FIG. 5 is a schematic diagram of an arc fault circuit 
interrupter in accordance With an alternative embodiment of 
the invention, using a center tapped inductor as an arc 
sensor; 

FIGS. 6 (a—b) is a schematic diagram shoWing alternate 
sensor circuit schematics for the circuit of FIG. 1; and 

FIG. 7 is a schematic diagram of an arc fault circuit 
interrupter similar to that shoWn in FIG. 1, but including a 
parallel fault current by-pass circuit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT OF THE 

INVENTION 

Referring noW to FIG. 1, an arc fault circuit interrupter in 
accordance With one aspect of the present invention is 
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illustrated in schematic form. The arc fault circuit interrupter 
shown in FIG. 1, as Well as the arc fault circuit interrupter 
shown in the remaining ?gures are formed from small 
inexpensive components that can be easily integrated into an 
electrical receptacle, plug, or in-line device. The circuit is 
designed so that it can be manufactured in the same form as 
the ground fault circuit interrupter devices shoWn in US. 
Pat. Nos. 5,594,358 and 5,510,760, for example. 

The arc fault circuit interrupter of FIG. 1 protects an 
electrical circuit including at least a neutral conductor 6 and 
a line conductor 7. A ground may also be present and the arc 
fault circuit interrupter of FIG. 1 Will detect arcs occurring 
betWeen the line conductor and ground, the neutral conduc 
tor and ground, or the line and neutral conductors. A circuit 
interrupter 45 is connected in series With the line, betWeen 
the poWer source and the load 52. A contactor or similar 
device may be employed, Which includes a ?rst set of 
contacts connected to the neutral conductor 6 and to the load 
by Way of conductor 50, and a second set of contacts 
connected to the line conductor 7, and to the load by 
conductor 51. Preferably, the ?rst and second contacts are 
spring loaded by a mouse trap type arrangement, controlled 
by trip mechanism 44. When the trip mechanism is 
activated, the spring loaded contacts are open and latch in an 
open condition until they are manually reset. Adevice of this 
type is per’ se Well knoWn, and is shoWn, for example, in 
Patent No. 5,510,760. 
An arc fault sensor 1 includes a preferably high frequency 

poWdered metal core having line conductor 7 or neutral 
conductor 6 (not shoWn) as its primary. Center tapped 
secondary Winding 3 is preferably formed by a large number, 
for example 1000 turns of relatively small Wire, such as 40 
gauge Wire, Wound on core 2, preferably symmetrically 
around substantially the entire periphery of core 2. The arc 
fault sensor 1 may be made With tWo separate Windings, 
preferably Wrapped symmetrically around the core, and 
connected together to form tWo series connected Windings, 
With the connection betWeen the Windings forming the 
center tap. An arc fault from the line conductor 7 to either 
the neutral conductor 6 or the ground or from load conductor 
50 to either load conductor 51 or to ground Will produce an 
arcing current in a line conductor 7, that Will be sensed by 
sensor 1. The center tapped secondary Winding 3 is con 
nected to capacitors 4 and 5 that form an EFT suppression 
?lter. The center tap Winding is connected to a clamping 
netWork 54 in the form of a bridge recti?er, including 
clamping diodes 9, 9a, 9b, and 9c, arranged in a bridge 
con?guration, and Zener diodes 10 and 10a connected in 
series With clamping diodes 9 and 9a respectively. 

Each Winding of the center tapped secondary 3 is con 
nected to the high impedance load consisting of the EFT 
suppression ?lters 4 and 5, the clamping netWork 54, and the 
inputs 8 and 15 of timers 11 and 14 respectively. The high 
impedance load on current transformer 1 causes current 
transformer 1 to produce an output voltage that is propor 
tional to the derivative of the current signal in line conductor 
7. This produces a large output voltage for fast rise time step 
changes in the current signal. 

The current transformer output signals appearing at 8a 
and 15a are substantially equal but opposite in polarity. 
Clamping diodes 9b and 9c of clamping netWork 54 clamp 
negative going voltages to ground plus one diode drop, 
While the series combination of clamping diodes 9 and 9a 
With Zener diodes 10 and 10a clamp positive going voltages 
to the threshold voltage of the Zener diodes, plus one diode 
drop, above V1 the positive supply rail. 

Timers 11 and 14 include trigger inputs 8 and 15 that are 
responsive to minus going transitions to start the timers. 
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4 
Timers 11 and 14 are preferably integrated circuit timers of 
the 555 type that can be obtained from a large number of 
sources. 

ApoWer supply 130 produces essentially a DC voltage V1 
With respect to the neutral conductor 6. The positive voltage 
V1 is connected to third input terminal 54b of clamping 
netWork 54 and is also connected to the center tap 53a of 
secondary 3 of transformer 1. V1 also acts as the DC poWer 
supply for the rest of the circuit. Voltage V1 is connected to 
the trigger inputs 8 and 15 by Way of coils 3a and 3b to 
timers 11 and 14, and acts to hold the timers off. When a 
minus going transition appears on either conductor 8a or 
15a, the respective timer 11 or 14 is triggered. 
When a ?rst step of current in line conductor 7 occurs that 

is of suf?cient amplitude and rise time, one of the timers 11 
and 14 Will be triggered, depending on the polarity of the 
current step. When a second step of current in the opposite 
direction of suf?cient amplitude and rise time occurs, the 
other timer Will be triggered. One of timers 11 or 14 is 
triggered by positive current steps in line conductor 7, While 
the other is triggered by negative current steps. Diodes 9b 
and 9c of clamping netWork 54 limit the magnitude of the 
negative voltage that can appear across timer inputs 8 and 
15. During a fault signal, coils 3a and 3b produce substan 
tially equal signals of opposite polarity. Zener diodes 10 and 
10a provide a high clamping level across the coil Which is 
producing positive voltage so as not to load core 2 and 
adversely affect the negative signal from the opposing coil. 
This can be readily appreciated in connection With the Wave 
form diagrams shoWn in FIG. 2, Which Will be explained 
later. 
The secondary Winding on the sensor transformer may be 

Wound Without a center tap. Without the center tap a high 
speed op-amp, con?gured as an inverter, Would be required 
to create the second timer trigger signal. High speed 
op-amps are typically expensive and require extra circuit 
board space. The center tap secondary design eliminates this 
need. 
An alternate sensor 100 is shoWn in FIG. 1a. This sensor 

has a high pass ?lter Which is used to block 50 or 60 HZ 
sinusoidal currents from effecting the sensor. Although sen 
sor 1 can be designed as described above to operate Without 
the need for a high pass ?lter, in some sensor designs, Which 
may be more responsive to sinusoidal line frequency 
currents, the high pass ?lter may be required. Signals 
generated in sensor 1 by arc faults are coupled by DC 
blocking capacitors 4a and 5a to clamping netWork 54. 
Output signals 8 and 15 are connected to the trigger inputs 
of timers 11 and 14. Resistors 78 and 80 are connected 
betWeen the inputs to the timers and a positive supply 
voltage V1 to hold the timer inputs high until pulses are 
generated. Resistors 78 and 80 in conjunction With capaci 
tors 4a and 5a also form a high pass ?lter for blocking 50 or 
60 HZ sinusoidal poWer signals. Voltages generated at inputs 
8a and 15a are equal in magnitude and opposite in polarity 
With respect to grounded center tap 53a of the inductor. A 
positive step in current in conductor 7 for example, Will 
produce a positive voltage across Winding 3a and a positive 
spike at 8a, With a corresponding negative spike across 
Winding 3b appearing at 15a. The positive voltage spike at 
8a causes the voltage at input terminal 8 of timer 11 to rise 
above the supply voltage V1, by action of capacitor 4a 
charging, causing diodes 10a and 9a to conduct and clamp 
the voltage rise at the level of poWer supply V1, plus the 
voltage drop across the diodes. The negative voltage spike at 
15a causes the voltage at line 15 to drop from the value V1 
toWards Zero, as capacitor 5a charges. This triggers timer 14. 
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Times 11 and 14 are preferably con?gured as monostable 
timers. The outputs of the tWo timers are connected by leads 
16 and 17, to ?rst and second inputs of Nand Gate 18. If a 
step of current in one direction occurs in conductor 7, 
causing one of the timers to be triggered, and a second step 
of current in the opposite direction occurs before the ?rst 
timer times out, both timers Will be in the triggered state and 
the output 19 of Nand gate 18 Will go loW. In practice, an arc 
initiating pulse Will start one of timers 11 and 14. The step 
of current in the other direction may be the arc extinguishing 
pulse at the end or close to the end of the ?rst half cycle of 
arcing, or the start of the next arc in the next opposite 
polarity half cycle. In many cases, the arc may not extin 
guish until the current is close to Zero, and therefore the arc 
extinguishing pulse may be dif?cult or impossible to sense. 
Accordingly, the periods of timers 11 and 14 must be long 
enough so that the arc initiating pulse of the next half cycle 
Will occur Within the period of the timers, so that Nand gate 
18 Will be triggered, and the signal at output 19 Will go loW, 
indicating an arc sequence. 

In an embodiment of the invention for detecting series and 
parallel arcs, the timing interval for timers 11 and 14 is 
preferably set to slightly less than one half the period of the 
AC poWer line, 8.33 milliseconds for 60 hertZ, or 10 
milliseconds for 50 hertZ. This arrangement rejects synchro 
nous arc mimicking signals, such as those caused by sWitch 
on currents of phase control devices such as lamp dimmers. 

In an embodiment of the invention adapted solely for 
detecting parallel arcs, the timing interval for each timer are 
preferably set for a predetermined time less than one com 
plete cycle, that is less than 16.66 milliseconds for a 60 hertZ 
circuit, and less than 20 milli seconds for a 50 hertZ circuit. 
This arrangement is susceptible to the noise produced by 
phase control devices, and therefore is suitable only for 
parallel arc fault detection. 

Before discussing the remainder of the circuits shoWn in 
FIG. 1, refer noW to FIG. 2, in Which another embodiment 
of the invention is shoWn that includes an RF detector 56, 
Which is connected across the center tapped secondary of 
transformer 1. The RF detector preferably includes a band 
pass ?lter having a center frequency approximately equal to 
the characteristic frequency of the RF signals produced by 
the arc sensed, or by multiple bandpass ?lters encompassing 
the broadband frequency RF noise of the arc, Which are 
ANDed together to indicate a signal, and a recti?er for 
producing a logic high signal When an RF signal indicating 
the occurrence of an arc is present. Preferably, a slight time 
delay is included in detector 56, so that the RF signal must 
be present for a predetermined time before an output signal 
is generated. This discriminates against some types of 
impulse noise that don’t reliably indicate the presence of an 
arc. 

The output of RF detector 56 is connected to a three input 
Nand gate 18b along With the outputs of timers 11 and 14. 
Nand gate 18b produces an output signal only When all three 
inputs are high, that is When tWo steps of current in opposite 
direction have occurred Within one line cycle, 16.66 milli 
seconds for a 50 hertZ line and 20 milli seconds for a 50 hertZ 
line, and arc noise is also present. 

The remainder of the arc fault circuit interrupter circuitry 
in FIGS. 1 and 2 is the same, and Will noW be described in 
connection With FIG. 1. 

Enable timer 19a and blocking timer 30, together With 
Nand gate 23, inhibit the generation of an arc fault signal for 
betWeen I and several cycles of the poWer line to avoid false 
triggering on signals resembling arc signals that are gener 
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6 
ated by lamp burnouts, normal sWitching arcs and the like. 
The output of Nand gate 18 is connected to the trigger input 
of enable timer 19a. When output 19 of Nand gate 18 goes 
loW, possibly indicating an arc fault, enable timer 19a is 
triggered. Preferably, enable timer 19a has a period of 
approximately one second. Output 24 of enable timer 19a 
therefore goes high for approximately one second. Inverter 
25 inverts this signal and triggers blocking timer 30, Which 
has a period of from 1 to several, preferably less than 7 
cycles of the poWer line frequency. Differentiating capacitor 
26 causes blocking timer 30 to trigger only on the negative 
going transition of the output of inverter 25, and therefore 
only on the positive going transition of the output of enable 
timer 19a. The output 31 of blocking timer 30 is connected 
through inverter 32 to one input of Nand gate 23. Therefore, 
the ?rst time an arc fault signal is generated by Nand gate 18, 
input 22 of disabling Nand gate 23 is held loW. The output 
of Nand gate 18 is also connected through inverter 20 to the 
other input of Nand gate 23 and subsequent signals from 
Nand gate 18 that Would indicate the presence of an arc are 
inhibited from triggering an arc fault until the passage of 
betWeen 1 and 7 cycles, at Which time input 22 goes high and 
an output from Nand gate 18 produces an output at output 33 
of Nand gate 23. An arc fault can be generated at any time 
until enable timer 19a times out, at Which time both timers 
19a and 30 are reset, and the sequence is repeated. 
When the output of Nand gate 23 goes loW, the output 35 

of inverter 34 goes high, charging capacitor 39 through 
diode 36 and resistor 37. When the voltage across capacitor 
39, Which is connected to the gate 40 of thyristor 41, reaches 
the trigger voltage, thyristor 41 conducts and activates 
solenoid 43 of trip mechanism 44, Which opens contacts 45 
and disconnects load 52 from the poWer source. The inte 
grator formed from resistor 37 connected in series With 
capacitor 39 acts to store a predetermined number of arc 
sequence current pulses from inverter 34 before latching 
thyristor 41 and opening the contactor 45. Resistor 38 
discharges and resets the integrator capacitor 39. 

In another embodiment of the invention, illustrated in 
FIG. 1b, the integrator is replaced by a ripple counter 102. 
After a predetermined number of arc fault transistions has 
occurred at inverter 34, output line 35, Which line is con 
nected to the input of counter 102, the counter output 
connected to line 40 goes high triggering thyristor 41. 
Counter 102 is enabled and reset by having enabler timer 
19a, output 24, connected to the counter reset terminal. In 
this Way, a time delay occurs as the counter increments on 
the arc fault indicating signal. 

FIGS. 3 (a—j) are Wave form diagrams that are useful in 
understanding the operation of the embodiments of the arc 
fault circuit interrupter described herein. For reference, the 
sinusoidal line voltage is shoWn at FIG. 3j. All of the ?gures 
have the same time scale. 

FIG. 3i shoWs the current Wave form on the poWer line 
With an arc present. A sharp rise in current occurring at 202 
in FIG. 3i indicates the initiation of an arc. Arcing Waveform 
200, in FIG. 3i , shoWs the RF noise produced by the arc. 
Arcing Waveform 213 in FIG. 3h, and 221 in FIG. 3g, shoW 
the same RF noise. The signals produced at current trans 
former outputs 8a and 15a are shoWn in FIGS. 3g and 3h 
respectively. These signals are inverses of one another about 
a positive voltage equal to the DC supply V1. As can be 
seen, the rapidly rising initiation of the arc 202 generates a 
positive going pulse 218, on line 15a, and a negative going 
pulse 210 on line 8a. Although these pulses are referred to 
as positive and negative going, this refers only to the 
direction of the voltage change, not to its magnitude. The 
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voltages are positive except for a small negative voltage due 
to the threshold voltage of clamping diodes 9b and 9c. 

Negative going transition 201 and subsequent positive 
going transition 204 are produced When the arc sputters and 
temporarily eXtinguishes at 201 and is reinstated at 204. This 
produces pulses 212 and 220 When the arc eXtinguishes and 
pulses 214 and 222 When the arc is re-established. As shoWn 
in FIG. 3i, When the Wave form approaches the Zero crossing 
at 206, the arc is extinguished, but no pulse is generated, as 
shoWn in FIGS. 3g and 3h, because the transition is of too 
loW a magnitude and not sharp enough to create a pulse. 
As shoWn in FIG. 3i , the arc is then reestablished at 208 

and thereafter consecutively eXtinguishes and re-establishes 
over the neXt four half cycles, producing consecutive posi 
tive going and negative going pulses 216 and 224, as shoWn 
in FIGS. 3g and 3h. 

FIGS. 36 and 3f shoWn the outputs of timers 11 and 14 
respectively. FIG. 3a' shoWs the output of Nand gate 18, 
Which is loW only When both timers 11 and 14 outputs are 
high. 

FIG. 3c shoWs the output 31 of blocking timer 30, and 
FIG. 3a shoWs the output 24 of enable timer 19a. FIG. 3b 
shoWs the output 35 of inverter 34. It can be seen that 
although Nand gate 18 produces a signal 234 as shoWn in 
FIG. 3a' indicating the presence of an arc fault during the ?rst 
tWo cycles of the Wave form shoWn in FIG. 3j, no output is 
produced by inverter 34 as shoWn in FIG. 3b, because of the 
?rst cycle’s inhibiting function. 

Subsequent arc fault signals are shoWn in FIG. 3a' after the 
blocking timer 30 has timed out. After a predetermined 
number, for eXample 3, of these signals have occurred, 
thyristor 41 is triggered and trip mechanism 44 triggers 
contacts 45 and the load is disconnected from the line. 

FIG. 4 illustrates the Waveforms of a further embodiment 
to the circuit illustrated in FIG. 1. Current transformer 1 may 
be Wound and loaded to produce a ring oscillation voltage, 
as shoWn at 255 in FIG. 46 and 254 in FIG. 4f. When a 
parallel arc fault occurs as shoWn at 250, With a large step 
of arc current 252 , a greater than typical voltage pulse 
occurs causing a large clamping current. This acts to trigger 
timers 11 and 14 nearly simultaneously as shoWn in FIG. 4b 
and 4c Which produces arc detection pulses of much Wider 
duration at the output of NAND gate 18 shoWn at FIG. 4a. 
The ring peak is a function of the resonant circuit Q of the 
secondary inductor With the Winding capacitance, or With 
any capacitance placed across the secondary, and the amount 
of pulse current through the secondary. Winding the trans 
former for loW capacitance and either using a loW Q core 
material or placing a damping resistor across the secondary 
Will reduce the ring amplitude. When a large step in line 
current causes the voltage across one of the secondary 
Windings to activate one of the voltage clamps, a pulse of 
current passes through one half of the secondary storing 
enough energy to start the ring. Using the Q adjusting 
methods above, the peak of the ring can be set to activate one 
of the timers at a predetermined step level of arc current. The 
Wide duration pulses at the output of Nand gate 18 act to 
charge integrator 46 at a much faster rate for quicker 
interrupts on high fault currents. 

FIG. 5 is a schematic diagram of another embodiment of 
the invention, quite similar to FIG. 1, but in Which the sensor 
is different. Referring to FIG. 5, sensor 71 is a center tapped 
inductor preferably in series With line conductor 7 but Which 
could also be in series With neutral conductor 6 (not shoWn). 
Preferably, the inductor has either an air core, or a high 
frequency core such as a poWdered iron core. EFT suppres 
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sion ?lters 4 and 5 are connected in parallel With the tWo 
portions of the center tapped conductor and are substantially 
similar to the like numbered components of FIGS. 1 and 2. 
Signals generated in the inductors by arc faults are coupled 
by DC blocking capacitors 74 and 76 to clamping netWork 
82, Which again is in the form of a bridge recti?er. Output 
signals 8 and 15 are connected to the trigger inputs of timers 
11 and 14, and the remainder of the circuit is identical to that 
of FIG. 1. Resistors 78 and 80 are connected betWeen the 
inputs to the timers and a positive supply voltage V1 Which 
acts to hold the timer inputs high until pulses are generated. 
Resistors 78 and 80 in conjunction With capacitors 74 and 76 
also form a high pass ?lter for blocking 50 or 60 b2 
sinusoidal poWer signals. Voltages generated at timer input 
lines 8 and 15 are equal in magnitude and opposite in 
polarity With respect to grounded center tap 53 of the 
inductor. A positive step in current in conductor 7 for 
eXample, Will produce a positive voltage across inductor 70 
and a positive spike at 8a, With a corresponding negative 
spike across inductor 72 appearing at 1 Sa. The positive 
voltage spike at 8a causes capacitor 74 to charge and raise 
the voltage at input terminal 8 of timer 11 above the supply 
voltage connected to 53a. The voltage rise causes diode 82a 
to conduct and clamp the voltage at the level of the poWer 
supply, plus the voltage drop across the diode. The negative 
voltage spike at 15a causes the voltage at line 15 to drop 
from the value at 53a toWards Zero, as capacitor 76 charges, 
and triggers timer 14. 

This series sensor circuit produces the same pulse 
sequences as produced by the transformer described in 
connection With FIG. 1. If the inductors are loW enough in 
inductance, they do not produce enough voltage from the 
sloW rise times created by light dimmers to trigger the timers 
11 and 14, but Will respond to arc faults Which typically have 
faster rise times. 

FIG. 6a shoWs another embodiment of the sensor circuitry 
used in the circuit of FIG. 1. Secondary 120 of sensor 122 
is Wound as a single untapped Winding. Sensor 122 responds 
to the derivative of line current in the same Way as in FIG. 
1. When a step of arc current in one direction causes line 106 
to produce a positive pulse of voltage, Zener diode 102 
conducts activating inverter 108 and triggering timer 14. 
When a step of arc current in the other direction causes line 
106 to produce a minus pulse of voltage, Zener 104 conducts 
causing transistor 110 and 112 to conduct activating timer 
11. The circuit in FIG. 6b operates the same as the circuit of 
FIG. 6a eXcept for ampli?er 116. Ampli?er 116 alloWs feWer 
Winding turns on secondary 120. Both of these circuits 
demonstrate a method for creating timer trigger signals from 
a secondary Winding Without a center tap. 

FIG. 7 is a schematic diagram of another embodiment of 
the invention, quite similar to FIG. 1, but With a high level 
fault current bypass circuit. In this embodiment the voltage 
clamp 300 incorporates opto-isolators Which act to bypass 
timers 11 and 14. In this embodiment the transformer 
parameters are varied, along With the break over voltage of 
Zener diodes 10 and 10a, to produce enough current ?oW 
through either opto-isolators 9c and 9d during large arc 
events to activate either of the associated opto-transistors . 
The collectors of the opto-isolators are connected to resistor 
8a at junction 19. Resistor 8a has one end connected to 
junction 19 and the other end connected to the output of 
Nand gate 18. When a large arc fault current step causes a 
pulse of voltage across the secondary of sensor 1, the pulse 
causes a clamping action by the Zener and one of the opto 
diodes. Conduction of the opto diodes causes conduction of 
the opto transistor, Which pulls line 19 loW, regardless of the 
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voltage at the output of Nand gate 18, Which is isolated by 
resistor 8a. This action bypasses the timing WindoW and 
directly causes the integrator capacitor 39 to charge via 
inverter 20, NAND gate 23 and inverter 34, once the holdoff 
time set by blocking timer 30 expires as explained for the 
circuit of FIG. 1. 

While the embodiments described so far have all used a 
symmetrical current transformer With one of the hot and 
neutral lines extending therethrough as a primary Winding, 
it is possible to use an asymmetrical transformer having both 
the hot and neutral lines extending therethrough as differ 
ential primary Windings. An asymmetrical secondary 
Winding, such as a Winding formed over only a portion of the 
circumference of the core, can be used to provide a differ 
ential signal at the output thereof that has loW common mode 
rejection, that is a signal Which is more responsive to the 
current ?oWing in one of the conductors than the other. 
Alternatively, the toroidal core may be rendered unsym 
metrical for example, by ?ling a notch or otherWise remov 
ing a portion of the core at one or more discrete locations 
thereon, for reducing the common mode rejection of the 
transformer. 

Many of the logic and timing features described above 
may be incorporated into a microprocessor. 

While the invention has been described in connection 
With a number of presently preferred embodiments thereof, 
those skilled in the art Will recogniZe that many modi?ca 
tions and changes may be made therein Without departing 
from the true spirit and scope of the invention, Which 
accordingly is accordingly is intended to be de?ned solely 
by the appended claims. 
What is claimed is: 
1. An arc fault detecting device for protecting electric 

poWer lines, comprising: 
a sensor for sensing the ?rst derivative of the electric 
poWer line current; 

circuit means for converting the ?rst derivative of the line 
current into ?rst and second signals, the ?rst signal in 
response to step transitions of arc current of a ?rst 
polarity, the second signal in response to step transi 
tions in arc current of a second polarity, and generating 
a fault signal When one of the ?rst and second signals 
folloWs the other Within a ?rst time, and a repetition of 
one of the ?rst and second signals folloWing the other 
of the ?rst and second signals occurs Within a second 
time. 

2. The device of claim 1, in Which the sensor comprises 
a current transformer With a primary and a center tapped 
secondary Winding in Which the secondary Winding pro 
duces ?rst and second signal voltages of opposite polarities 
With respect to the center tap; in Which the voltages are 
proportional to the rate of change of poWer line current 
through the primary Winding; and in Which arc detection is 
determined by a step of current through the primary Winding 
of one direction producing a pulse of voltage of one polarity 
at one end of the secondary, With respect to the center tap, 
folloWed by a step of current in the other direction producing 
a second pulse of voltage of the same polarity, With respect 
to the center tap, at the other end of the secondary. 

3. The device of claim 2 in Which the current transformer 
comprises a core constructed of poWdered metal. 

4. The device of claim 1, in Which the sensor comprises 
a current transformer Wound With a primary and secondary 
Winding; in Which the primary Winding carries the poWer 
line current; and in Which the secondary produces a signal 
proportional to the derivative of the primary current in 
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Which the circuit means for producing the second signal is 
an inverter circuit. 

5. The device of claim 1 in Which the ?rst predetermined 
time is less than the time for one half cycle of poWer line AC 
current. 

6. The device of claim 1 Where the sensor comprises 
center tapped inductor in series With the poWer line current 
in Which the inductor produces ?rst and second signal 
voltages of opposite polarities With respect to the center tap; 
in Which the voltages are proportional to the rate of change 
of poWer line current through the primary Winding; and in 
Which arc detect ion is determined by a step of current 
through the inductor in one direction producing a pulse of 
voltage of one polarity at one end of the inductor, With 
respect to the center tap, folloWed by a step of current in the 
other direction producing a second pulse of voltage of the 
same polarity, With respect to the center tap, at the other end 
of the inductor. 

7. The device of claim 1 comprising an inhibiting circuit 
that blocks a predetermined number of signal sequences at 
the start of step transitions in poWer line current and in 
Which the blocking causes device rejection of normal load 
current step events. 

8. The device of claim 7 further including an enabling 
timer that overrides the inhibiting circuit for a predetermined 
interval after the predetermined inhibiting time delay has 
timed out. 

9. The device of claim 1 comprising a detector for 
detecting current representing an arc event in excess of a 
predetermined magnitude, for generating a third signal, and 
generating the fault signal When a repetition of one of the 
third signals folloWing another of the third signals occurs in 
a third time. 

10. The device of claim 1 in Which the detector for 
detecting current representing an arc event in excess of a 
predetermined magnitude comprises an electronic sWitch 
Which operates on activation of a voltage clamp connected 
to the sensor. 

11. The device of claim 10 in Which the electronic sWitch 
for detecting current representing an arc event in excess of 
a predetermined magnitude comprises an optocoupler. 

12. The device of claim 1 in Which the detector for 
detecting current representing an arc event in excess of a 
predetermined magnitude comprises at least one optocou 
pler coupled to the sensor. 

13. The device of claim 1 in Which the detector for 
detecting current representing an arc event in excess of a 
predetermined magnitude comprises ?rst and second opto 
couplers connected to the sensor in a diode bridge con?gu 
ration. 

14. The device of claim 1 in Which the sensor comprises 
a high Q sensor for producing a ringing voltage in response 
to an arc fault in excess of a predetermined magnitude, for 
producing the positive and negative signals substantially 
simultaneously, on the ?rst and second half cycles of the 
ringing voltage. 

15. The device of claim 1 in Which the duration of the 
fault signal is approximately inversely proportional to the 
time interval betWeen the ?rst signal in response to a positive 
step transition of arc current and second signal in response 
to a negative step transition of arc current. 

16. The device of claim 15 Where the coil produces 
ringing in response to arc fault signals, producing an 
approximate coincidence in the ?rst and second signals and 
maximum duration of arc fault indicating signal thereby. 

17. The device of claim 1 and further including a radio 
frequency detection means for detecting radio frequency 
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signals from said current transformer and preventing gen 
eration of the fault signal if a predetermined threshold of 
radio frequency has not been detected. 

18. The device of claim 17 Where the radio frequency 
detection means contains a band pass ?lter. 

19. The device of claim 17 Where the radio frequency 
detection means comprises a plurality of non-overlapping 
band pass ?lters and a detector that is actuated only if 
sufficient signal is produced from each of the band pass 
?lters. 

20. The device of claim 1 and further including a high 
pass ?lter connected to the sensor to reject 60 HZ frequency 
components. 

21. The device of claim 1 and further including a high 
level arc fault signal detector connected to the secondary 
Winding of the current transformer for bypassing ?rst timer 
means. 

22. The device of claim 1 in Which the sensor comprises 
an asymmetrical current transformer in Which the line and 
neutral conductors form tWo equal primary Windings, and in 
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Which an output signal is more responsive to signals on a 
selected one of the line and neutral conductor than to signals 
on the other conductor. 

23. The device of claim 22 in Which the asymmetrical 
current transformer comprises a core having a non uniform 
magnetic characteristics. 

24. The device of claim 22 comprises a core having a 
notch formed therein. 

25. The device of claim 22 in Which the asymmetrical 
current transformer comprises a non symmetrical Winding. 

26. The device of claim 1, Wherein the second time is 
determined by a counter Which counts the occurrence of one 
of the signals folloWing the other of the signals Within the 
?rst time. 

27. The device of claim 26, further comprising a timer for 
resetting the counter after a third time. 

28. The device of claim 1, Wherein the fault signal 
activates a circuit interrupter. 

* * * * * 


